Saponaria officinalis L., commonly named soapwort or bouncingbet, is a perennial plant belonging to the family Caryophyllaceae. Its native range extends throughout Europe, northern Africa and west to central Asia, but currently is also cultivated in many countries across the world. It contains a high level of saponins and, like other such plants, it is used as an expectorant to remove catarrh from the upper respiratory tract. In ancient times, when soap was unknown, S. officinalis was used for cleaning and washing because of its detergent properties [1] [2] [3] . The saponin fraction of S. officinalis has shown an anti-inflammatory activity in vitro against carrageenaninduced rat-paw edema and inhibited prostaglandin synthetase. Purified saponins have indicated hypocholesterolemic effects in vitro, which is believed to be due to the ability of saponin to form an insoluble complex with cholesterol, preventing its absorption from the small intestine. Saponins also indicate spermicidal activity, which may result from their hemolytic property [4] . Unfortunately, apart from its beneficial effects, this plant is toxic for ruminants. It leads to photosensitization followed by liver and kidney degeneration and gut problems [5a] . Beside the pharmacological properties of saponins from S. officinalis, like anticancer, immunomodulatory and cytotoxity activities [5b], Czaban and coworkers reported antifungal activities of the saponin fraction against Gaeumannomyces graminis var. tritici and Fusarium culmorum, which are pathogens of cereals [5c] .
S. officinalis is a rich source of triterpenoid glycosides [6] with gypsogenic acid, hydroxygypsogenic acid and quillaic acid aglycones, mostly occurring as bisdesmosides. The highest yield of saponins in Caryophyllaceae species is usually located in roots or seeds [5b] , therefore the study of root material led to the isolation of three novel saponins and two not described previously in this plant. The structural elucidation of these triterpenoid saponins was based on chemical methods and spectroscopic techniques. The 70% MeOH extract of the roots of S. officinalis was subjected to successive chromatographic steps to provide three new triterpene glycosides (1) (2) (3) , along with nine known saponins. . Its spectral features and physiochemical properties suggested 1 to be a triterpenoid saponin. From the 47 carbons, 30 were assigned to the aglycone part and 17 to the oligosaccharide moiety (Tables 1 and 2 ). The six sp 3 hybrid carbon signals at δ C 13. 2, 16.6, 17.9, 25.0, 27.6, and 33.5 , and the two sp 2 hybrid carbon signals at δ C 122.9 and 144.9 together with the information from 1 H NMR analysis [six methyl This was supported by the high-frequency shifts of C-15 (δ C 36.5) and C-16 (δ C 74.7) in the 13 C NMR spectrum of 1. Two high-frequency shifts at δ C 181.7 (indicating an unsubstituted carboxylic group) and 176.4 were assigned to C-23 and C-28 on the basis of 1D 13 C and HMBC experiment, respectively. Detailed NMR analysis identified the aglycone as 16α-hydroxygypsogenic acid [7a] . The high-frequency shift of the carbinol function at δ C 85.8 (C-3) and low-frequency shift of the carboxylic function at δ C 176. 4 (C-28) showed the bisdesmosidic structure of 1. The observation of two overlapping anomeric signals at δ H 5.03 (d, J = 7.8 Hz) and a signal at δ H 6.26 (d, J = 8.2 Hz) correlating with signals at δ C 105.7, 106.6 and at δ C 96.2 in the g-HSQC spectrum, respectively, suggested that this compound possesses three sugar moieties. The individual sugar units were identified on the basis of proton resonance analysis of each sugar unit. These determinations were carried out by a combination of DQF-COSY and 1D-TOCSY NMR experiments. 1D TOCSY subspectra were obtained from selective excitation of the anomeric protons. The selective TOCSY experiment for the signal at δ 6.26 revealed spin system characteristics of a β-glucose unit. The anomeric signals at δ H 5.03 were too close to obtain independent subspectra in the 1D TOCSY experiment, but a different ratio of the pair of signals could be observed, indicating the presence of β-glucose and β-xylose units. These observations were supported by the 1D ROESY correlation between H-1 and H-3/H-5 protons of the sugar units. Analysis of the g-HSQC experiments allowed the assignments of signals of the 13 C NMR spectrum corresponding to the three sugar units. The sequence of the three sugar units was deduced from the 1D ROESY and HMBC spectra, in which long range correlations were observed from H-1 Glc'' (δ 5.03) to H-6b Glc (δ 4.35) and C-6 Glc (δ 69.8), H-1 Glc (δ 6.26) to C-28 of the aglycone (δ 176.4), H-1 Xyl (δ 5.03) to H-3 of the aglycone (δ 4.65) and C-3 of the aglycone (δ 85.8). Thus the structure of 1 was established as 3-O-β-D-xylopyranosyl-16α- 4.55 (dd, J = 9.7, 3.3 Hz) . Similarly, the doublet at δ 5.42 generated a 1D TOCSY subspectrum with two signals at δ 4.62 (dd, J = 10.0, 3.4 Hz) and 4.49 (dd, J = 11.0, 3.5 Hz). Additional 1D TOCSY experiments conducted for isolated signals at δ 4.73 (t, J = 6.2 Hz) and 4.40 (d, 6. 2) led to the identification of the H-6/H-4 sequences. These observations were supported by the 1D ROESY correlation between H-3/H-5 protons of the sugar units. Analysis of the g-HSQC and g-HSQC-TOCSY experiments allowed the assignments of signals of the 13 C NMR spectrum corresponding to the six sugar units. The sequence of the six sugar units was deduced from the 1D ROESY and HMBC spectra, in which long range correlations were observed from H-1 Glc' (δ 5.24) to H-3 Glc (δ 4.22) and C-3 Glc (δ 88.7), H-1 Gal' (δ 5.55) to H-6b Gal (δ 4.24) and C-6 Gal (δ 68.6), H-1 Gal (δ 5.42) to H-6b Glc'' (δ 4.14) and C-6 Glc'' (δ 68.1), H-1 Glc'' (δ 4.88) to H-6b Glc (δ 4.20) and C-6 Glc (δ 69.5), H-1 Glc (δ 6.21) to C-28 of the aglycone (δ 176.1), H-1 Xyl (δ 5.02) to H-3 of the aglycone (δ 4.62) and C-3 of the aglycone (δ 85.2). Thus the structure of 2 was established as -144-162-162-162-132] . The aglycone of 3 was similar to 1 and 2 except for the lack of a hydroxyl group at C-16. This was supported by the low-frequency shifts of C-15 (δ C 28.5) and C-16 (δ C 23.6) in the 13 C NMR spectrum of 3 (Tables 1 and 2 ). Thus the aglycone of 3 was determined to be gypsogenic acid. Moreover, nine known compounds were identified as vaccaroside D (4) [7c], dianchinenoside B (5) [8a] , saponarioside C (6), D (7), F (8) and G (9) [2a] and saponarioside I (10), K (11) and L (12) Almost all isolated saponins had a bisdesmosidic linkage, with the exception of saponarioside K and vaccaroside B, which are monodesmosides. The linking points for sugar moieties to the triterpenoid skeletons in S. officinalis are at C-3 and C-28. For the first time in this plant we proved the presence of 3-hydroxyl-3-methylglutaryl in a sugar chain -compound 3.
In spite of the fact that Saponaria officinalis is widespread over different climes we still know little about its phytochemical composition, especially about the presence of saponins and their structures. Since this plant is used in folk medicine there is a need for confirmation of its composition by modern methods and proper standardization of plant material used in experiments.
Experimental
General experimental procedure: 1D and 2D NMR, Varian INOVA-600 spectrometer; ESI-MS/MS, Thermo LCQ Advantage Max mass spectrometer; HR-ESI-MS, Maldi SYNAPT G2-S HDMS Qq-TOF spectrometer; CC, Sephadex LH-20; VLC, LiChroprep C18 (Merck). HPLC, was performed on a Kromasil C18 column (10 x 250 mm, 5 μm) using a Gilson semi-preparative HPLC equipped with a PrepELS II (Evaporative Light Scattering) detector (the drift tube temperature was maintained at 65°C and the pressure of the nebulizer gas -nitrogen -was 47 psi). detector and a Kromasil C18 column (10 x 250 mm, 5μm; Eka Chemicals AB). The flow rate was 5 mL min -1 . 0.1% HCOOH was used as mobile phase A and acetonitrile containing 0.1% HCOOH as mobile phase B. The drift tube temperature was maintained at 65°C and the pressure of the nebulizer gas -nitrogen -was 47 psi. In this way all compounds were isolated. (1) Acid hydrolysis of saponins and determination of absolute configuration of monosaccharides: Each compound (2.5 mg) was hydrolysed in 1.5 mL solution of 3 M HCl (dioxane-H 2 O, 1:2) at 90ºC for 5 h. After dioxane was removed from the hydrolysis reaction mixture under a stream of nitrogen, the aglycones were extracted with EtOAc (3×1 mL) and dried. The aqueous layer containing sugars was neutralized using an Amberlite IRA-400 ion exchange resin in its hydroxide form and concentrated under a stream of nitrogen at 60˚C and then used for sugar determination. To determine the absolute configuration of the monosaccharide ingredients of isolated compounds, the method of Tanaka et al. [8c] was used, with slight modification. Sugars of each sample were dissolved in pyridine (0.5 mL) to which 1 mg of L-cysteine methyl ester hydrochloride was added. The mixture was kept at 60˚C for 1 h, and then 0.2 µL of o-tolyl isothiocyanate was added to the mixture, which was heated at 60˚C for 1 h. Each mixture was directly analysed by reversed-phase HPLC using a 616-Pump, 966-Photodiode Array detector 717-plus Autosampler (Waters) and an Eurospher-100 C18 (250 mm x 4 mm; 5 µm Knauer) column. MeCN-H 2 O (25:75, v/v) containing 50 mM H 3 PO 4 was used as mobile phase at a flow rate 0.8 mL min -1 and a column temperature of 35ºC. Detection was performed by UV at 250 nm. The absolute configuration was determined by comparing the retention times of sugars with derivatives prepared in a similar way from standard monosaccharides (Sigma-Aldrich). The following sugars were detected for 1 and 3: D-glucose and D-xylose, and for 2: D-glucose, D-xylose and D-galactose.
3-O-β-D-Xylopyranosyl-16α-hydroxygypsogenic acid-28-O-[β-Dglucopyranosyl (1→6)]-β-D-glucopyranoside

3-O-β-D-Xylopyranosyl-gypsogenic acid-28-O-[β-D-glucopyranosyl-(1→3)]-[6-O-(3-hydroxy-3-methylglutaryl)-β-D-glucopyranosyl-(1→6)]-β-D-glucopyranoside
Supplementary data: NMR spectra ( 1 H and 13 C NMR, HSQC, HMBC, TOCSY, ROESY and DQF-COSY), HR-ESI-MS and ESI-MS/MS spectra for the new compounds (1) (2) (3) .
